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2344606 

WEULBORE CASING 
Cross Reference To Belated Applications 

This application daxms the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed cm 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
Thia invention relates generally to wellbare casings, and in particular to 
weflbore casings that are formed using T»Ttf?«hi» tubing. 

Conventional}*, when a wellbare is created, a number of casings axe 
5 installed in the borehole to prevent collapse of the borehole wau^ 
undesired outflow erf drffim^ 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which isto be installed in a lower borehole interval is lowered Umnigh a previous^ 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement anniili are provided between the outer 
surfaces of the castngB and the borehole wall to seal the casing 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter ia required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equi^^ 
drill bits and increased vohnnes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weEbore. 

26 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellboxe casing is provided that inclndes installing a tubular liner and a mandrel 



in the borehole, injcctingfluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a w eUbor e casing is provided that includes drilling out a new section of the 
5 borehole edjacenttothe already existii^ A tubnlar liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole. 
The annular region between the tubular Hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular hner below the 
mandrel A non hardenable fhiidic material is then injected into the interior 
region of the tubular liner below the mandrel The tubular hner Is extruded off of 
the mandr el The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fhiidic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
ofthe fluidic hardenable fluidk At least a portion of 

20 cured Guidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
pas sag e. The mandrel is coupled to the support member and includes a second 
25 fluidpa&sage. The tubnlar member is coupled to tte The shoe is coupled 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that i n c lu d e s a support member, an 
30 expandable mandrel, a tubiilar 
The snpport inember inctodea 

flow control valve coupled to the first and so The expandable 
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mandrel is coupled to the support memhgr and irx-tadeg a third Quid passage, Hie 
tubular member is coupled to the mandrel end includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourtii fluid 
paesage. The at least one sealing member is adapted to prevent the entay of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of j oining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that in^^ 
10 of the second tubular member. A portion of an interior regkm of the second 
tubular member is pressurized and the second tabular member is extruc^ 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more seaHn g members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidk 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining *m existing weflbra 

annular body of cured fhrirtir wilingmateriaL The tubular liner is formed by the 
process of extruding the tubular Knar off of a mandreL The annular body of a 

25 cured fluidk sealing materials 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that include© a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahry coupled to the first fluid passage, an interior 
portion, and an exterior portion. Ha interior portion of the mandrel is drfllable 
The tiU)^ member is coupled tothe mandrel The shoe is coupled to the tabular 
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member. The shoe inrhirift* a third fluid passage operant/ coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
emb odiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 U a fragmentary cross-sectional view ilhistrating the injection of a 

first quantity cd* a bjffdenable fluidic sealing material into the new section of the 

weft borehole. 

FIG-. 3a if another fragmentary ^."^^ ™m illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the wen borehole. 

FIG- 4 is a fragmentary cross-sectional view ilhistrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary croas-flectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material frcm the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. S is a fragmentary crosa-eectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional iOustratkm of a wdlbare mchiding a pair of 
wfracen t overlapping casings. 

FIG. 10b is a Goss-eedional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tabular member. 
5 FIG. 10c is a croaaHBectioml f llngtratica of the pumping ofn fh*x* —u^g 
material into the annular region between the tubular 
easing. 

PIG. lOdisa crosMectbnal flhntfration of the pressurizing of the interior 
of the tabular member bdow the mandrel. 
10 FIG. lOe is a cress-sectional fltastratkm of the extrusion of the tabular 
member off of the mandrel 

FIG. lOfiaacroas-BectionalilhiJtn^ 
out the shoe and packer. 

FIG. lOgisa cross-sectional fllustration of the completed tie-back liner 
15 created using an expendible tubular member. 

FIG. 1 la is a fragmentary cross-sectional view uluBtaitmgthedrillmgofa 
new section of a well borehole. 

FIG. lib is a fragmentary cross^ectional view illustrating the placement of 
an embodiment of an api«eratue for 
20 of the weU borehole. 

FIG. 11c ia a fragmentary croes-eectional view illustrating the injection of 
afirst quantity (rfahanlenablettaid^ 
well borehole. 

FIG. lid ia a fragmentary crosa-eectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. lie ia a fragmentary crown snrtionai view flhistrating the injection of 
a second quantity of a hardenahle flnfdir wwlmg material Into the new aectian of 
the well borehole. 

FIG. 1 If is a fragmentary crose-eecticnal view IDm 
30 ofthe tubular liner. 
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Detailed Description of the moctntive Embodiment* 
An apparatus and method for fanning a weUbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
weUbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a weUbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
membera in the weUbore to be joined using an ororlappingjoint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tabular member by expanding the new 
tubular t"" 1 * 1 *"' into engagement with the «™Hf>g tubular member. The 
apparatus and method farther minimizes the reduction in the hole size of the 
weUbore casing necessitated by the addition of new sections of weUbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offofa mandrel by pTessurixing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weUbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage The apparatus and method farther permits a new tubular member 
to be suppo r t ed by an «ii gt " * g tubular member by ^p^^^^g the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interiorportiona to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole regkm, the apparatus 
may be easily removed. 

An apparatus and method for hwngfag an expandable tubular liner in a 
30 weUbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method farther have 
application to the joining of tubular members in general 
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Befenring initially to 1-5, on embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. A«flfastaitedinRg.l,awelIbore 100 is poaftioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 1 15 and an annular outer layer of cement 120. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As flhistratod in Kg. 2, an apparatus 280 for forming a wellbore casing in 
10 a subterranean fonnaiioaia than 

100. The apparatus 200 preferably mc^^ 

tubular member 210, a shoe 215, a fawrn- cup seal 220, an upper rap seal 225, a 

fhua*r*uBage230,afhjHpiu ! s^ 

member 250. 

15 The expandable mandr el 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 is preferably adapted to controDabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventi ona l c omm ercially available itj^r^M^ -umdrehi modified in 
sccordance with the teachings of the present disclosure. In a preferred 

20 end»diment,theexpaiidab^ 

disclosed in US. Patent No. 6,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
di scl o su r e. 

The tabularmember2l0 is supported by the expanded The 
26 tubular member 2 10 is expanded in the mdial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially iivmlable materials such as, for example, 
Oilfield Country Tubular Goods (OCTQ), 13 chromium steel tubingtesing, or 
plastic tubmg/casing. In a preferred enfoodimant, the tubular member 210 is 
30 fanricatedfromOCTCtoorder^ The inner 

and outer diameters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



-7- 



embodiment, tha inner mA outer diameters of the tubular member *W range from 
about 3 to 15.5 inches and 3 JS to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or othersriee modified to catch 

when it completes the extrusion of tubular member 210. In a pr e fer red 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

Hie shoe 215 is coupled to the expendable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240, The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal EDown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance wife the teachings of the ptm 

the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, 

side outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects h^ 

region outside the shoe 215 and tubular member 210. In a prefer r ed embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a baU sealing member. In this manner, the fluid passage 240 
can hm optimally p**l«d rtffhy jntanryhayrng it pfog t dart ftt^/rM»K«ii sealing elements 
into the fluid passage 230. 



The lower cup seal 220 is coupled to and supported by the support member 
260. The kr^ cup seal 220 prevents foreign mater^ 

region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cop seal 220 may comprise any number of conventional commercially 
6 available cap seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 2?-Q compriaeeaSIP cup seal, waflaMe 
fixnn Halliburton Energy Services in Dal^ 
material and contain a body of hibrieant 
10 The upper cup seal 226is coupled to and supported by the support niember 

250. The upper cup seal 225 prevente foreign msteriatonxnn entering them 
region of the tubular member 210. The upper cup seal 226 may comprise any 
number of conventional commercially available cup seals sach rh, far Bram pim Tp 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas. TX in nrrim- npri^iiy 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
fi^m the interior region of the tubular number 210 t>elow the expandable inan^l 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
inandrel205. The fluid paiaage 230 is prrferabh' pari 
the apparatus 200. 
26 The fluid passage 230 is preferably selected 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gaOona/minute and 0 to 9,000 
psi in order to nimimiie drag on the tabular member being run and to miTifmire 
surge Pressures exerted on the wallbow 
30 and lead to hole collapse. 

Tba fluid piissage 235 penmteflnfri^ 
passage 230. m this manner, dautog placement (>f the app^ 



new section 130 of the wdlbore 100, fluidie material! 256 forced tip the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby mmimiTingsurge pressures on the wellbo re section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluididj coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to The 
fluid passage 235 is preferably positioned substantially orthogonal to the centeriine 

10 ofthe apparatus 200. 

The fluid passage 235 is i preferably selected to convey fluidie materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 pel in order to reduce the drag on the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to mrnimit* surge pressures on the 

15 new wellbore section 130. 

He fluid passage 240 permits fluidie materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidie 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidie materials. In this manner, the interior 
region of the tnH^iyi- member 210 be km the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandab le mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the nsw section 130 of the wellbore 
100 with fluidie materials. In a preferred pmbodlmmt, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be seak*loffbymtroducingaphig,dart 
and/or bail sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubularmeinner210. Theses^ 
of the end portion 260 of the tubular member 210. The seals 246 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular member 210 to be fluidicb/ sealed. The seals 246 may comprise 
any number of conventional cctnmerriafly available seals such as, for example, 
10 lead, rubber, Teflon, or epoxy seals nuidhWm accordance^ the teachings of 
the present disclosure. In a preferred frohodimpnt, the seaU 245 are nmloed from 
Stratalock epoxy available flxmiHaflflia^ 

to optimally provide a load bearing faterieience fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
16 In a preferred embodiment, the gaala 245 ara selected to npfcim n ny 

a suflldentfrictioiud force to support the expanded tabular member 2 10 from the 
existing casing 115. In a preferred embodiment, the fricfcional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support tha expanded tubular member 210. 
20 Thesupport member 250 Iscoupled to tfr «« tub"!-* 

member 210, shoe 216, and seals 220 and 226. The support member 250 
preferably comprises an annular member carry the 

apparatus 200 into the new section 130 of the weDbore 100. In a preferred 
embodiment, the support member 250 fertner includes one or inc« 
25 centralizera (not Illustrated) to help stabflixe the ap p a r atu s 200. 

In a preferred einbodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. m this manner r theextniaion of the tubular m 
(iftbe expandable mandrel 205 is &cuitan^ The lubricant 275 may cxmprise any 
SO number of «mventioiud comniercia^ 

Lubriplate, chlorine based lubricants, oil baaed lubricants or CMmsx 1500 Antinare 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antiaiery (3 100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in onier to optimally provide optimum fabrication to fariliate the expansion 
process. 

In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. Thifl 
minimi2eathep0^sibfli^0fftTOgD TnAfa^ftldng^TigthevBr^^ 

valves of the apparatus 200. 

to P p r efe rre d wnH"™^ , h«fmr» or mH*r positioning the apparatus 200 
10 within the now section 130 of the weHbore 100, a couple of weflbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weDbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a harrienahle 

fhiidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then peases from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weUbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sires, weDbore section length, 
available pumping equipment, and fluid properties of the fhiidic material being 
pumped. The optimum flow rate and operating pressure are pr e f er ably determined 

30 using conventional empirical methods. 

The hardenabk fkridk sealing material 305 may comprise any number of 
conventional conimarcialry available hardenflble fhiidic scaling materials such as, 
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for example, slag mix, ryment or epoxy. In a preferred embodiment, the 
hardmnhlir fhridic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services m Dallas, in o 
5 while also maintaiin^ optimum flow characteristics so as to minimize difficulties 
during the d ispl ace ment of cement in the amml ar region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region SIS preferably is filled with the material 305 in 
10 sufficient quantities to ensure thai, upon t*am expansion ***** toimtai. ^fro^,. 
210,the annular regkmSIS of the news* 
with material 805. 

In a particularly preferred embodiment, as illustrated in Kg. 3a, the wall 
thic kn ess and/or the outer diameter of the tubular member 210 ia reduced in the 
16 region adjacent to the mandrel 205 in order optimauy permit placement of the 
apparatus 200 in positions in the weDbore with tight dcaninc« Furthennore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally fWrnifafH 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 306, aph^ 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 315. La a preferred embodiment, a non-hardenable fhiidk material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expanded tabular member 2 10 will 
25 not c ontain s i gnifi c ant a mount s of cured material 305. This reduces and aixnnlifiee 
the cost of the entire process. Alternatively, the mat^ 
this phase of the process. 

Once the interior region 310 becomes su^ 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 m^ be raised out ofthe expanded portion of 
the tabular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new weUbore flection 130. In an alternative preferred embodiment, 
the extrusion process is commenced with the tabular member 210 positioned above 
the bottom of the new weflbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by mtxoducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fhndicly isolate the hardenable fluidic 

10 ftf^HngTn******* SO* ft*™ thn nan haidflnahle flnidie material 306. 

The plug 405 may comprise any number of conventional commercially 
available device* from plugging a fluid passage such as, for example , Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure- In 

15 a preferred embodiment, the plug 405 comprises a MS C latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psiandSO 

20 to 4,000 gaDona/mhx In this manner, the amount of hardenable fluidic lealing 
material within the interior 310 of the tubular member 2 10 is TntnlmlTfd. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 3.000 gpl lflPfl ft™™ «rrfgr tn nmraniia* the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material compo^tion of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210. the wall 
thickness of the tubular member 210, the type of lubricant, and the yieM strength 
of the tubular member 210. In general, the thicker the wall thirkn ww, the smaller 
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the toner diameter, and the greater the jieMstmjgthrfthe tubular nanber 210. 
then the greater the operating pressures reqiii^ 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 off of the csrpti^hlr irtrndrel wfll begin whan the pressure of the interior region 
310 reaches, for example, appraxinurteh/ 600 to 9,000 psL 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from aboutO to SfVsec. Inaprefernrf embodiment, din^ 
10 proce^tberri^daNem 

tubular i MH nber210atrates ranging 
the tmie required fer the expand 
the expanaian process. 

When the end portion 260 of the tulralarnienJ)er210isextro^offofthe 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 wiU preferably contact 

portion 270 of the casing 116 to form an £hn^ tigntorerlappingj<ttnt. The contact 
pressure of the overlapping joint may range, for example, W approximately 50 
to 20,000 pat Inaprefcmd embodiment, thecoam^ 
20 joiirt raiges lrcm ipittoam^ 

pnason to activate the annular eeeling inemhere 245 and optimally provide 

resistance to axial motion to accommoo^tyjik^tens^ 

Tnaoverlappingjcdntbetweenaeaectton410oftbee 
the section266ofthe expanded tabular menm«r210pr^^ 
26 and mwhc seal Inapartamlariy preferred enib^^ 

optimally provide a flnidk and gUBOtuaemlmttooveriai^ jumt 

Inapreferredembodiinent, the oper^pxeaeureaiidflowratooftbenon 
hardeiabtemiidfcmaterialSOeiscn^^ 
aaiHW 205 reaches the end iiortiro 
30 manr^.tbe sudden release of pre*^ 

tubular meinber210cff of the expandable man^ Jna 
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p r e fer r e d embodiment, the operating pressure is reduced mm substantially linear 
fashion from 100% to about 10% during the end of the exlxusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

6 Alternatively, or in combination! a shock absorber is provided in the support 
member 250 in order to absorb the shock caused iry the sudden release of pressore. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations* 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a prefer r ed embodiment, either before or after 
the removal of the expendable mandrel 205, the integrity of the fluidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 vnthin the expanded tufa 

20 2 10 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig, 5 f preferably any lOTiflining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 ofcured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed fay drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, rs ilmstrated ia Fig. 6, the upper portion 260 
of the tabular member 210 memoes one or more aeaBng members 605 and one or 
morepressare relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tulmlarineiiih» 

In a preferred embodiment , the sealing membra 605 are seated within 
recesses 615 formed in the outer surface 285 of the upper portion 260 of the 
tubular member 210. In en alternative preferred embodiment, the sealing 
10 members 605 are bonded or niold^on^ 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few met of the tabular member 210. One pressure relief 
holes reduce the (jperating pressures required to e^endu^ upper portion 260 of 
the tabular member 210. Thia reduction m required (jperat^ 
15 reducea the velc>dty of the niandrel 205 upon the completion of the extrusion 
process. Thia reduction in wdnrifr <n ^^j^, thm TT^h^^ni nhcwlrtothc 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellbore preferably includes an 
20 PTiwmdah lft mandrel ox pig 705, an expendible mandrel or pig container 710, a 
tubular member 716, a float shoe 720, a loww cup seal 725, an upper cup eeal 730, 
afluidpaasage 785,afluidpass^ 

750, an overshot connect ion 755, another support member 760, and a stabilizer 
765. 

25 The expandable niandrel 705 is coupled to and supported by the support 

meinber745. The expandable inandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferahry adapted to 
controllably expand in a radial dn^ctam. The expandable inandr el 705 may 
eompriseanynunuwcf convents 

30 modified in accordance with the teaching afth* pt^m* ^isp^ fan preferred 
embodiment, the expandabtomandrd 705 c^ 

substantially as disclosed in US. Pat No. 6,348,095, the contents of which are 
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incorporated heroin by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is farther coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such aa, for example, 0 ilfield Country Tubular Goods, stainless steel , titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tabular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 7 10. 

The tubular member 715 is coupled to and supported by the e xpandab le 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTO), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region bf^nTinig in tbevkanity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferrai embodiment, 
the tubular member 7is « pw*.^ than the thicknesses of the intcimcdktc 
and lower sections 810 and 815 of the tubular men^ 715 ia ordW to o|>tima% 
fkdliate the initiatKm of 
10 700 to bo positioned in locations in the weDbore having ti^dearance^ 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, to exann^la, from about LOS to 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper sect^ 
15 tol6iiu*esaittiafctol£inch^ 

The outer diameter and wall thickness of the intermediate aection 810 of the 
tubular member 715 may range, for example, fin>m about 2£ to 50 inches and 1/16 
to 1.5 in ch e s, respectively. In a preferred embodiment, the outer diame ter and 
wall t hickne ss of the intermediate aection 810 of the tubular member 715 range 
20 from about 3-5 to 19 inchas and 1/B to L25 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for exan^e, from alxrot 2^ to 5X) inches and 1/16 
to 1.25 inche s, respectively. In a preferred embodiment, the outer diameter and 
wall t hic kn e ss of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the tower section fti fi nf th* ftibqfrr 
member 715 is further increased to increase the strength of the shoe 720 when 
(billable materials such as, for wrmpi^ aluminum are used. 
The tubular niember 715 prefer^ 
30 a preferred enibodiiiient^ 

perforated, or otherwise modified to catch or alenrdovm the nmnnW 705 when it 
completes the extrusion of tubular member 715. In a preferred embodiment, the 
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length of the tubular member 716 is limited tn minimize tha possibility ^ffrit^iiog 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid paaaage 740. In a preferred 
embodiment, the shoe 720 farther inchidea an Inlet passage 830, and one or m or e 
jet ports 835. In a particularly preferred embodiment, the crosa-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
dements^ for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably incl u de s a body of iclid material 840 for increasing the strength of the 
shoe 720. In a particularly pr e ferr e d embodiment, the body of solid material 640 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch dovmphig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-j e t guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 716 and an existing wellbore casing, and to optimally fodliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tabular member 715 above the expandable mandrel 706. The lower 
cup seal 725 may comprise any number of ^cuu veutiona loom m emal^ available cirp 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the t^ad^lngs of the present diadoaure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX. in order to optimally provide a debris 
barrier and hold a body of lubricant. 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper am aeal 730 preventsforeigninateri^ 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup «»»lp such as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teaching of the present diacloenre. In a preferred embwmnei^ the upper cup seal 
730 compriseo a SOP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris baTriar andcontamabodyofhmricimt. 
The fluid passage 735 permits flnirtic matariala to be transported to and 
10 from the interior region of the tubular member 715 hd CT th» j^qvm^M. 

705. The fluid passage 735 fa flnidfcly coupled *" t»w> n«M passage 7<0, The fluid 
passage 735 is preferably coupled to and positicned wfa^ ti» support nieniber 
760, the support member 746, the mandrel container 710, and the expandable 
numdrel705. The fluid passage 735 preferably extends frmn a position adjacent 
15 to the surface totbe bottom of the erparidahTemaTidrel 705. The fluid passage 735 
u preferably positioned alcngacenterlme of tlieappar^ The fluid passage 
735 is preferably selected to transport materiabj such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to s,nnn gallonsAninnte 
and 500 to 9,000 psi in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705, 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a weUbore, fluidk materials forced up the 
fluid passage 735 can be released into the vreflbore ab<rre the tubular niember 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
26 passage that ia coupled to and positioned within the support member 260. The 
pressure release passage is further The 
pressure release passage preferably includes a control valve for wntrollably 
opening and closing the fluid passage. In a pre fe rred embodiment, the control 
valve ia pressure activated™ onto The 
30 pressure releaae passaged prefer^ 

csnterhne of the apparatus 700. The pressure release passage ia preferably 
selected to convey matariala such as cement; dnHin gi^d m epopq, at 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimira surge pressures on the new weDbore section. 

The Quid passage 740 permits fluidic matmials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the snoe 720 m 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other «i™flAr device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidkfcr isolated from the region exterior to the tubular member 7 15. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a prefer red embodiment, the apparatus 700 fta^faer in c ^idfw one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be Guidkry sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a pref erred embodiment, the seals 645 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping; joint bet we en the tubular member 715 and an 
5 existing casing with optimal load bea 
715. 

In a preferred embodin^ 
frictions! force to support the expanded tubular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 715. 

The smrort member 745 is preferably coupled tn th» ^rpunH^K^ mantlrri 
705 and the overshot connection 755. The support member 745 preferaMy 
comprises an annular member having sufficient strength to carry the apparatus 
15 700mtoanBwse<^kmofawem>ore, The support niember 746 may comprise bj^ 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high Btrength tabular modified in 
accordance with the teachings of the present disclosure. In a preferred 
emlx)diment f the support member 746 comprises conventional drill pipe available 
20 from various steel mills in the United States. 

In a preferred irnihodnmmt, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 716. In this maimer, theextrosion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional conunerciaUy available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based hihrkants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiexe (8100) available from Halhlmrton Energy Services in 
Houston, TX in order to optimaUy provide lubrication to fariliate the extrusion 
30 process. 

The overshot connection 755 is coupled to the nqnportmember745and^ 
support member 760. The overshot connection 755 pTefereh^perniitsthesupport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercial^ available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annnlar member having sufficient strength to carry the 
apparatus 700 Into a new section of a weBbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such aa, for"Tf™r»u ^1 Arm pipe, coiled tobimr or other hiA strength tabulars 
modififrimaxconla^ In a preferred 

15 embodiment, the support member 760 comprisesmcociventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760, The 
stabilizer 765 also preferably stabilises the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
Interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 76^ inay comprise any nu^ 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocla modified in acc^^ 

25 ofthepreaentdisclosure. In a preferred embodiment^ 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, IX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prto to 
30 700. In this manner, the introduce 

is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the spparatus 700. 
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In a preferred embodiment, before ox after p^^'^nfrg the apparatus 700 
within a sew section of a weflbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparalw 700 in order to ensure that no 
foreign materials ore located within the wcUbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during tha grpan mo nprocera. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Res. 1-7 to form a new section nf <n«m E 
a weflbore. 

10 Asuhistratedmr^8.mi m ^t^ l iU»pi^..^^K^i ; — nt.tho method 
and apparatus described herein la used to repair an existing weDbore casing 805 
by forming a tubular liner 810 Inside of the existing wcllbore m«in g 806. In a 
preferred embodiment, an outer amralnr toung of cement is not provided in the 
repaired section. In the alternat e p re fer red embodiment, any number of fluidic 

16 materials can be used to expand the tubu^ 

the damaged section of the wefibore (asing »uch as, for example, cement, epoxy, 
slag mix, or drilling mod. Is the alternative preferred embodiment, sealing 
menil)ers 815 are prefexabh/ provided^ 

to optimauy provide a fluidic seal In as alternative preferred embodiment, the 
20 tubular liner 810 is formed within a horirontally positioned pipeline section, such 
"those used to transport hydrocarljc^ 

in an orerlapprngrelationship with the adjacent pipeline section. In this manner , 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described hereto is tised to directrvliM in a 
preferred embodiment , en outer animlsxlnriDgof cement fr^ 
the tubular liner 810and the wellbore, to the alternative preferred emboo^nent, 
any number of fluidic materials ess be used to expend the tabular liner 810 into 

30 mttaute contact with the wellbore 
or drilling mud. 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weHbore casing includes an expandable tubular 
member 902, a support member 

908. In a pr vfir" ^ ^hnflimimt , A*mgn mrA conatroction of the mandrel 906 
5 and shoe 908 perniite easy rem 
manner, the assembly 900 can be easily removed from a wellbore using a 
CTmv ffl lt fol H M grilling wppm^tuR and corresponding drilling metho ds 

The expendible tubular member 902 preferably in chides an upper portion 
910, an intermediate portion 912 and a icwer portion 914- During operation of the 
10 apparatus 900, tto tubular member 902 is 

906 by pressurizing an interior region 966 of the tubular mem ber 902. The 
tubular member 902 preferably has a substantially annular croaa-eectian . 

In a particularly prefer r ed embodiment, an ffrrwndahlft tabular member 915 
is coupled to the upperportkm 910 of the expandable tubular im^ During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
ofthernandrel 906 by pressurizing of the tubular member 

902. Thetubularmember 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of the tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 91 5 is fabricated from oilfield tubulara in order to opthnalry 
provide appr oxi m ately the same mechanical properties as the tubular member 902. 
25 Inaparticolarry p re fe rred einbodiment, the tubular n^ 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same y^ The tubular 

member 915 may comprise a plurality of tubular members coupled end to end. 
In a prefer red embodiment, the upper end portion of the tubular member 
30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section 



In a prefer r ed embodiment, the combined length of the tabular members 
902 and 916 are limited to minimize the possibility oflmckhpg. For typical tubular 
mexnberniHteria^ 

limited to between about 40 to 20,000 feet in length. 
5 The kmar portion 914 of ^ 
the shoe 908 hy a threaded correction 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed m intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials aueh am, for example, oilfield 

tubulars, low alloy steals, titanhmi or atajnlw In a preferred embodiment; 

the tubular member 902 ia fabricated from 

provide appr oxhnaier y the same mec^^ 

Inaparticulariy prefer^ 
15 point ranging from about 40,000 to 135,000 pai in order to optimally provide 

approximatery the same yield properties as tte tubular 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 

and 914 of the tubular member 902 may range, fbrezanrpl^ from about 1A6 to 1.5 

inchea In a preferred embodiment, the wall thickness of the upper, inter mediate, 
20 arj lower portions,910 > 912 ar^ 

1/Btol^morfertooptmialr/piovi^ 

the tubular member 915. In a preferred einbodiment, the wall thickness of the 
lower portion 914 is less than ox equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, fatermadiate, and lower portions, 910, 912 
and 914 of the tubular member 902 inay range, for cxwrm^ 
inches. In a preferred embodimmt , the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 ra^ 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly used aOSetd tubulars. 
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The length of the fahr*** r member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 rammcirafly available tubular members modified in accordance with the t rarhingB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods availaUe from vaxkmfiU^. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 p mr wt fliff , ^"* fc Tw * preferred embodiment, ♦VtahpkfiBgmWftlRmmpriiea 
Oilfield Country Tubular Goods available from variotu UiL steel mills. 

The various elements of the tubular niember 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodimffnt, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tuhular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for CTample, threaded connections, 
welding or ™«w»Kin«d from one piece. In a preferred embodiment, the various 

20 drmmts of the tubular member 915 are coupled using welding. The tubular 
member 9 1 5 may comprise a plurality oftulnilax elements that are 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece, 

25 The support member 904 preferably includes an innarstaring adapter 916, 
a Quid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferabty 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for enrmpta, oilfield 
tubulara, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is prefer^^ 
to imd from the apparatus 900. In a preferred einbcdiment, the fluid pa 
is fhrididy coupled to the fluid passage 952* InaprefemricirJKjdiment, the fluid 
10 passage 918 is used to convey hanfanahle flmrtfr iealiiig materials to and from the 
apparatus900. In a particularly jnefa^^ 

include one or mm pressure reEef paaaages (not illustrated) to release fluid 
pressure duriDgpositfamingof In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centeriine of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluidic materials at operating pressures 
ranging from about 0 to 9,000 pal 

The upper guide 920 is coupled to an upper portion of the support member 
904. The uppOT guide 920 prefix 
20 within the tabular member 916. Thg upper guide 920 may cfmprinn ™ y n»mK^ 
of conventional guide members modified in accordance wfth th* teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy^ 
to optimally guide the apparatus 900 within the tubular member 915, 
25 Tte coupling 922 cou^^ The 
coupling 922 preferahfr comnrisea a conventional threaded connection. 

Tie Tario™ elements rfthe support membfr9W may coupled using any 
number of convantianal processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred arnbodimeiit, tl» various 
SO elements of the support member 904 are coupled using threaded 1*™^^ 
The mandrel 906 preferably indudes a retainer 
e^panmmieone928,al(wercoM 



934, an exteniaon sleeve 936, a spacer 938, a housing 940, a scaling sleeve 942, an 
upper cone retainer 944 f a lubricator mandrel 946, a lubricator sleeve 948 , a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946 f bahricator sleeve 
5 948, and t he rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The robber cup 926 prevents the entry of 
foreign materials into the interior region 972 oftbe tubular member 902 below the 
rubber cup 926. Tbs rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed lubricants or Climax 1500 Antiaeize 
(3100)* In a preferred embodiment, the lubricant comprises Climax 1 500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansio n cone 928 is coupled to the lower cone retameT 930, thsbofo 
of cement 932, the lower guide 934, the extension sleeve 936, the bc^^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone reta^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 ia prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 9&fl preferahry **** * «ihB*jm««Hy annular paction 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape* The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a pr e f erred embodiment, the wall 
thickness of the expansion cone 928 rangeafttna about 0^ to 0J5mches in order 
to optimally proTrid^ Th e 
10 maximum and minimum outside Ai*m«t»rm of the T*"**^ * mm B28 ™^y rmg» 
for example, from about 1 to 47 inches. Inapreforedembcdime^ 
and mmhnnTn outaide diameters of the expimsign cone 928 range from about 3.5 
to 19 mortextocptmialiy provide exp 

The expansion cone 928 may be fabricated fremi any number of conventional 
15 conunercialJyavailab^ 

or low alloy steel In a preferred embodiment, the expartffkm cone 928 is fabricated 
from tool steolmordertocmtimalfr 

The surface hardness of theouter surface ofthe expansion cone 928 ma^ 
example, from about 60 BockweD Cto 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength* In a preferred emhndrnipwt the ^p^"^ o?^ j 8 hpat treated to 
optimally provide a bard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 Iheiower cone retainer 930 is coupled to the expansion cone 928 and the 
houaing940. In a preferred embodiment axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a rnihfrtnntinlrjr annular cross ncictiOD, 

The lower cone retainer 930 may be fabricated from airy number of 

30 conventional c ommercial ly available mate ria ls imrh as, for example, r*T»™<<» t™i 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness oftheouter surface of the 
lower cone retainer 930 may range, for example, from about 50 Eockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 BockweU C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is treated to optimally provide a hard outer surface 
and a reefliant interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment to 

10 cone 928 are formed as an hitegral one-place rfernmt to a 

of components and increase the overall strength of the apparatus. Hie outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body ofcement 932 is position^ 

15 The body of cement 932 provides an toner bearing structure for the mandrel 906. 
The body of cement 932 further may be easiry drilled oiit usinga conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

Tne body of cement 932 may comprise any number of conventional 

20 rommercially available cement compounds. Alternatively, al uminum , cast iron or 
tome other dril labia metallic, composite, or aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and hous ing 940, 
25 During operation of the apparatus 900, the low gmde 93^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
coinrnexcially available mat/T^la such as, for example, o ilneld tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabrimled from low alloy steel 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 ia coupled to the l<wer guide 934 and the hous^ 
940. During operation of the apparatus 900, the extension alecve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension aleeve 936 prefrrahfe him * mhnfamtinHy «nn^ pr rrrofl-BertioiL 

The extension sleeve 936 may be fab**™^ from any number of 
conventional commercially available materials such as, for *™«p ^ oilfield 
tubulara, low alky steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 isfabricat^ 

high yield strength. The egtarsnrfaceof the extension sleeve 936 preferably mnt+n 
with the inner surface of the tubular member 902 to provide a «Krffn g fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the n umb er of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 912. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferabry, the apacar 938 has s substantially annular croaa-aection, 

Tbe spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ahmunum ox cast 
iron, a preferred embodiment, the spacer 938 ia fabricated from ahiminum in 
order to optimalry provide drillability . The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the fjea H ng sl e eve 942 are formed as an integral one-piece cleinent in oito 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 93*. extension sleeve 93 6 , 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation of the apparel 

motion of the expansion cone 928. Preferably, tbe h>usm^ 
annular cross-flection. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tabular*, low alloy 
sted or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the tower guide 934, extension sleeve 936 and housing 940 
are formed aa an integral one-piece element in order to minimise the number of 
components and increase the strength of the apparatus. 

In P pflrrirTTWIy preferred mhodfrngftt, the interior surface of the housing 
940 tnrhr*** one or more protrusions to facfliate the connection between the 
10 housing 940 and the bo4y of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upr« cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. Th? sealing sleeve °42 ia preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
crocs-se ct i on . 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, ah unmnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facQiate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimiie the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the bodtyof cement 932. During operation of the apparatus 
900, the upper cone retainer 
30 cone 928. Preferably, the upper cone retainer 944 has a s ub s t antial ly annular 
cro on sect ion. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available wrm^»rfafa focb as, lor example, steel, 
a tamimim or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from alummum 
5 cone retainer 944. 

In a particularly prefer 
crosMectional ahape designed to provide mareaeed rigidity. In a particularly 
preferred einbodiment, the upper cone retainer 944 has a areas-sectional shape 
that is substantially ^shaped to provide increased rigidity and mmhnue the 
10 amount cfinaterial thai wou^ 

The hihricator maiidrd 946 is o 
926, the upper cone retainer 944, the fabricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the booty of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional cominercially available materials such as, for example, steel, 
aluminum or cast iron. In ft preferred ^tniw^mt^nt, ttw fabricator o^* j P 

20 fa bricated from ahTmmum in order to optimal^ provide drfflahflity of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the nibber cup 

948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the robber cup 926. Preferably, the lubricator 

sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated hum any number of 

conventional commercially available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from a luminum in order to optimally provide d riDab ility of the 

lubricator sleeve 948. 
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As illustrated in Fig* 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The fabricator sleeve 948 in turn supports therubbercup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924 , 
and the lubricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantia^ 

The guide 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
Iron In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hard triable fiuidic 
materials. In a preferred enibodiment, the Quid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fhridic materials at pressures 
20 and flow rateranglng from about 0 to 9,000 pa and 0 to 3,000 galbn^ 

pptimaJry provide pressures and flow rates to dis p l ace an d circ ulate fluids d uring 
the installation of the spparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 ^Tjp^TtjrmflQrceroeriring, In a preferred embodiment the various elements of the 
m and rel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jets 964. 

30 The housirig 954 is coupled to the bcdyofcementBo^andtheluwBr p oi ti on 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to fiKilitatc the attuato 

Preferably, tha housing 954 has a substantially TmnW eras-section. 

The housing 954 may be fabricated ftom any number of conventional 
commercialfr available material* audi **, *™ t»™™pip steel n*- nbirmmvm La a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabflifr of the hanging 854 

In a particularly preferred embodiment, the imfcriere^ 
954 includes one or more prptrugirmii tn farilirtp. fch a rmm<^^ bftrraen the body 
of cement 956 and the housing 954, ■■ 
10 The boefrofcamcnt 956 ia coupled 
958. In a preferred ^mbodmicnt,^ 

selected to permit the body of cement to be ea^ drilled out using conventional 
jriffing TnarJvfnA a oi ^f process e s. 

The composition of the body of cement 956 may include any n umb er of 
15 conventional cement compositions. In an alternative embodiment, a dr fllab h 
material such as, far example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bo<fy of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outkt jets 964. During operation 

20 of the apparatus 900, the seeling sleeve 958 preferably is adapted to convey a 
b a rton n ble fluidic material from the flnid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to mject the hardenablefloidto material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 further 

25 inchito an mlet geometry that pem 

lodged mtiie ink* ufthesealmg sleeve 968. In this manner, the fluid passage 962 
inay be bloctari thereby fh^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 axmnlarcrt»aectian. Theaw 

of conventional commercially available materials audi as, for example, steel, 
ahnninnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 



-37- 



fabricated from aluminum in order to optimally provide drillabiHty of the ■»«Kr%g 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 858, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fLuidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fiuidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the seating sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhndkfe isolating the interior region 966 of the tubular member 902. In 
a pr e fei Te d embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally faciiiate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tabe 960 may be fiefrri 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from p^^hn^ m order to optimally provide driTlnhflity of the 
extension tube 960* 

The fluid passage 962 is coupled to the sealing sleeve 958, the ex te nsi o n 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fiuidic materials. In a 

25 preferred embodiment, tt« fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In n r*"*i*miAriy i*r+r«rr*A embodiment, the fluid passage 962 
is adapted to convey hardenable fhrfrifc materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaUona/min in order to optimally 
provide fluids at operationally efficien t rates. 

30 The outletjets 964 are coupled to the sealing sleeve 968, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable ftuidk material &om the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a ptara% of outlet jets 964. 

In aprofbred embodiment the 
the hoiiaing 954 and the body of cem^ 
5 ofthe apparatus 900. 

The varioiu elements of to 
conventional process such as, for example, threaded <™n»c tmng, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred ambodiment, the assembly 900 k operated substantially as 
des(rt>ed above with referee 
wellbowoTtorepeirawellbow 

In particular, in order to extend a wellboirenito a subterranean 
a drill staring is used in a well known manner to drill out material from the 
15 subterranean formation to form a n ew secti on. 

The apparatus 900 for forming a waflbore casing in a subterranean 
formation is then positioned in the new section of the weHbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic 
20 material is then pumped from a surfcce location into the fluid passage 918. The 
h a nfrmah le fluidic sealing material then paasea from the fhrfd r^^g* 91 fi fnto the 
mterioT region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then paasea from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material than exits the 
25 apparato 900 vk the outlet jete 
exterior of the tubular meinb^ 

wellbore. Cm*™*^ rftrmpingnfthnhnnVmnhlri ftmdir Bfinltrg i nn [ciMumaau tin? 
material to fill op at least a portion of the annular re gion 
The hardenable fruito 
30 annular region at pjtjssura 

5,000peiand0to 1,500 gal^^ In a preferred Emibodi^ 

bjudenablefhiidicsealingn^ 



and flow rates that are designed for the specific weubote section in order to 
optimise the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wallbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially av ailab le hardenable fh i wi fe s ealing materials such as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements desi gned 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to opthnalty provide support to 
member while also maintaining optimal flow characteristics so as to Tnmnnm> 
operational Ht^R^ilH^ during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
fiDed with hardenable material. 

20 On*» the •tinnier region has >™*™ «rf*pmtpfr filled with hardenable flnidie 

sealing a plug or dart 974, or other similar device, preferably is 

introduced into the fluid passage 962 thet^fluidicry isolating them 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment 

introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 
30 is minimised. 

Once the interior region 966 becomes sufficiently pr e ss u rised, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Duringthis extrusion process, the shoe 908 ispreferabty 
substantially stationary 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the OiidpesBagB 918 at a surmce location in 
a conv entional manner. The plug or dart 974 may comprise any number of 
conventional ararmercialfy available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementar (M9C) latch-down pmg, Omega latch-down 
10 plug or three- wiper latch down plug modifi^m accordance with th* t^M^ of 
the present disclosure. Inapreferredrnnhodrrn^^ 

a MSG mtch-^lown plug available from Haffiburton Energy Services in D*H«« TT 
After placement of the plug or dart 974 in the Said passage 962, the non 
hardenable iluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaHons/min in order to optimally extrude the tub^ilar niembers 902 and915 
off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel wul begin when the pressure 
20 of the interior region 966 reaches approximate^ 600 to In a preferred 

embodiment, the extrusion of the tubular members 902 «nd9l5off of the mandrel 
906 begins when the pressure of the mterior region 966 reaches approximately 
1,200 to 8,500 p« with a flow rate of about 40 to 1250 gallonatoimite. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp anded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, durin g the ertru sb n 
process, the mandrel 906 is raised out of the expended portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec m order to 
optimally provide pulling speed fest enough to permit efficient operation and 
SO permit full expenMonof the tubular menu^ 902 and 9 W prior to curing of the 
hardenable fhudic sealing material; bat not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer suria^ 

915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a prefer re d embodiment, the contact pressure of the overlappmgjoint between the 
upper end of the tubular member 915 and the existing section of weilbore casing 
ranges from approximately 400 to 10 r OOO pai in order to optimally proride contact 
pressure to actirate the sealing provide optimal re sis t an ce such that 

10 the tubular member 915 and existing weHbore casing wili carry typical tensile and 
compressive loada* 

In a preferred embodiment, the operas 
hardenable lluidic material will be controllabty ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sadden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operating 
rate of the hardenable fhiidfc sealing material and/or the non hardenable fhridk 
material are controlled during all phases of the operation of the apparatus 900 to 
iniaiiniae a h***** 1 

25 AK er u aUvri y,ormcn mbu ia tk m^ 

member 904 in order to absorb the shock carased by the suddra 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decderato the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

theweHbore. In a preferred embodin^ 

mandrel 906, the integrity of the fhridk seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the ea stin g 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tulnilar member 915 and the tower portk>n 
of the existing casing is satisfac tory, then the uncured portion of any of the 
5 hardenable fhiidk sealing material within the expanded tubular member 915 is 
then removed in a conventional manner, Ttw hardanahte flttMt^ sealin g m at erial 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbare la then allowed to cure. 

Preferably any remaining cmedhaidenahleflaidic sealing mate^ w ithin 
10 the interior of the eipanded tabula 

conTentional manner usmg a conventional drill string. The resulting new section 
of casing preferably includes the expanded tubular memberB9W 
outer annular layer of cored hardenable fluidic seeling materiaL The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 usmg conventio nal drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 torn the interior ofthewellbore due 
to a malf u nct i o n. In this circumstance, a conventional «*rfll string is used to drill 
out the interior sections of the appaxatu^ 
20 the remaining sections. In a preferred embodiment, the iiiterior elements of the 
apparatus 900 are fabricated IW materials such as, for example, 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sectioMoftha mandrel 906 

cement 932, the spacer 938, the sealn^ 
the lubricator mandrel 948, t^ 

954, the body of cement 956, the sealing sleeve 958, and the ex^ 
are selected to permit at least some of these components to be drilled out using' 
30 conventional drilling met^ In this manner, in the event of a 

nuuibnction downhola, the apparatus 900 may be eaafly removed from the 
weHbore. 



Referring now to Figs. 10a, 10b, 10c, 10d, 10e, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbare wiQ now be described As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1 002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 pirferab^ 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhia 1014. In a preferred embodiment) the second casing 1006 
is formed by »«p<»»rf™ff a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Rgs. lla-llf 

10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlaps with a k>wq por tion of the tubular liner 1008. In a particularly 
pr ef erred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back Kner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1135, one or more fluid passages 1140, seals 1146, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The <y *p nT,f4 * ,Klp> mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the teachingsofthepresentdiaclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No* 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the t e ac hing s of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. The tubiilar member 1105 is expanded in the radial d 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of material* such as, for example, Oilfield Country 
Tubular Goods, 13 chromic In a preferred embodiment, 

the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods, 
The inner and outer diametero 
5 example, frum approximate^ 
In a Piefeiied embodiTTiPTif;, the mnw nrtA/»itM*r ^mm^f^ t>>j» faiKni pr nyvr^h^ 
1110 range from about 3 to 15 J5 inches and 3 L to 16 inches, respeetrvefym order 
to optimal^ provide coverage for typical oflfield casing Biies. The tubular member 
1110 preferably comprises a solid member 
10 In a preferred embodiment, the u^)er end portion of the tabular member 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of buckling. For typical tubular 
15 the length of ti* tubular m 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe lll61ncludes the fluid passage 1135. Hie shoe 11 15 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Scainiloat shoe, SuperSe^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present discl o sure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeved 
plug with side ports nidiatmg off ^ 
25 Energy Services in Dallas, IX, modified 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tabu^ 

isolate the mterior of the tubular member 1100 after the latch ck,wn plug has 
seated, and optunauy permit drilling out of the shoe U 1 6 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fhiidk comnrniif ration with the fluid passage 1135. In this manner, 



the shoe 1115 injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a baD sealing member. In this manner, the fluid passages 
5 1140 can be sealed offby introducing a phig, dart anriVorbafl sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tuhular xnember 1110 adjacent to the expandable mandrel 1105. Theeupaeal 
10 1120 may comprise any number of conventional commercially available cup seals 

mi^h fi p frtr Trttmplp, TP nip* nr Sftlwgtnm iT^ftctfon Packer (SIP) Ctrp* mrtdififtd in 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1 120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of hibrkant 

The fluid passage 1130 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and petitioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 pref e ra bly extends from a position adjacent to the surface to the bottom of the 
expandable mandrel HQS. The fluid passage 1130 is preferably pos it ioned along 
a centexiine of the apparatus 1100. The fluid passage 1 1 30 is preferably selected 
to transport materials such as cement, drilling mud or aperies at flow rates and 
pressures ranging from about 0 to 3,000 galkms/minute and 0 to 9,000 psi in order 

25 to optionally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 penniisflnklic materials 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig, or other smnlar device, to be placed in the fl^ 
passages 1140 to thereby block farther passage of ftuidic materials. In this 
manner, the mterior region of the tabular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tabular member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 nreprafiwihly pA«fK™^ «i™» ff t*M> periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling nnido 

about 0 to 3,000 gmDonf/mintxte and 0 to 9,000 pex in order to optimally £01 the 
annular region between the tubular member U10 and the tubular Imar 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 indnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment the base of the shoe 1115 indndes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to 
to be fluidicly isolated from 

The seals 1145 are coupled to and supported by a fewer end portion of the 
tubular member 1110. The seab 1145 are fbrtherposttioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overiar^^jomt between the u 

end portion of the tubular member 1110 to be flnimcry sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a pre fe rred 
30 embodiment, the sealsU45 comprise aeabmo 

from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydrmilk; naftl in thfl orggrUppingjotnt and Optimally pTPVidfl load Carrying p*jywnty 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 1 45 are selected to optimally provide 
a sufficient frictions! force to support the expanded tubuiarmeinber 1110 from the 

6 tubular liner 1008. In a prefened embodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

His support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 intothe weDbore 1000. In a preferred embodiment, the support 
member 1150 Anther includes one or more conventional centralism (not 
flhistratedj to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine baaed lubricants or nifrM** 1500 Antiseize (3100). 

20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from GUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of foreign material into the apparatus 1100 is minimised. 
This ™«*™i«Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly p r e f erred embodiment, the apparatus 1100 ro c hid es a 

SO packer 1155 coupled to the bottom section of the Bhoe 1116 for fhiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, ftuidk 
materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a driHable cement retainer. In a preferred embodiment, the packer 
1 165 comprises an EZ Drill Packer available from Halliburton Enci^y Services in 
5 Dallas, TX In an alternative embodiment, a high gel itrength pill may be set 
below thetie-backinplace of the packerll55. Inanother alternative embodiment, 
the packer 1156 may be omitted 

In a piefc xr e d embodiment, before or after positioning the apparatus 1100 
within the weflbore 11 00, a couple of wellbore volumes are circulated in order to 
10 engnre that no foreign ma t erial! are located within the wellbore 1 000 that mig ht 
clog up the various flow passages and valves of the apparattia 1100 and to enaiire 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig 10c, a hnrdftnable fluidic sealing material 1160 is then 

15 pumped from a aurface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tabular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the utmia* region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galfensftnin, respectively. Inaprefott^embcdiment,thematoia3 1160 is pumped 
into the annular region at pressures and flow rates specifically deaigned for the 
casing sizes being ran, the srrmilftT spaces being filled, the pumping equipment 
available, and the properties The optimum flow rates 

and pressures are preferably calculated using conventional empirical methods, 

30 Thehardenahle fluidic sealing material 1160 may 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1 1 60 comprises blended cements specifically 
designe d for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics ao as to minimize 
5 operational difficulties during the displacement of cement in the nnnnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annnlnr region will be filled with material 1160. 

Aa Illustrated in Fig. lOd, once the ammlarrfgron has been adequately filled 
with material 1160, one or more phigs 1165, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby Suidicly isolating the interior 
region of the tubular member 1110 from the annular region external to the tubular 

15 member 1110. Inaprefeixedeinbodiment,aro 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugB 1 165 , or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidic 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1 110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner- The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid p assage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 
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In a preferred embodiment, the plugs U65 comprise low density robber 
balls. In an alternative embodiment, for a shoe U05 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenable fiuidic material 11 61 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 600 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment! after placement ofthephigs 1165 in the fhnd passages 
1140, the non hardenable fiuidic material 1161 is preferably pumped into the 
10 interior region of the tabular me^ 

and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonsAnin in order to optimally pro^extrasionoftfpfcal tubule 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the e xpandable mandrel 1105 will begin when the pressure of the 
15 interior regionof the tubular member 1110 belcw the numdrd^ 

example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandabk mandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
sample, from abontO to5ft/Bec In * prefer^ mniwyK^^n t fft 1T -mg the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubularmimiber 1110 at rates ranging 
25 provide permit a4^lstment of operatkmal parameters, and optimally ensure that 
the extrusion process wfll be camplsted before the ma 

In a prefmed embodiment 
1110 has an intend diameter less th^ 

In t his mannpr , when the mandrel 1106 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the espaadad section 1180 effects a seal with 
at least the weflboie casing 1012. Inaparttoila^yp^far^ ^h^fr^f thggeal 
is effected by m mpr pHsiTig the seals 1016 between the expanded section UB0 and 
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the weflbarecamig 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tabular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1146 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tenrile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of ^tlmlar m ftmh *>r 1110 has an internal diameter less than the outside 
diame ter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressur e of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controUably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minlmixed In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

AlternatfoefoOTmcombmatifm, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel etching structure is provided 
30 in the upper end portion of the tubular member 1110 to 
decelerate the mandrel 1105, 
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Referring to Fig. lOf, once the extrusion process is mmpW^ the 
expandable mandrel 1106 is removed from the weQboxe 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the finidfc seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubalar liner 1108 is tested 
using conventional methods. If the AnV l fr seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
e xp a nd e d tabular member 1110 is thenxemoved in a conventional manner . The 
10 material 1160 within the annular region between th* ttiKnlur T^-m^p y mo and 
the tubular liner 1008 is then allowed to core* 

As illustrated in Kg. 1Q£ preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is ft»-n removed in a 
conventional maimer using a conventional drill string. The resulting tie-back liner 
15 of<*aing 1170 includes the 

layer 1175 of cured material 1160. 

As illustrated in Fig. 10& the remairdng bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and pecker 1 155 using conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incor porat es 

the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and method 
for hangings tubular liner off of an existu^ 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The weHbore l^hichidesaii exiatingcaaed potion 1 ?10 having 

a tubular casing 1215 and an anntTUr outer layer of cement 1220. 

In order to extend the weBbore 1200 into tiiesiibterrsaiean formation 1205, 

a drill string 1226 Is used in a well known manner to drffl mrt material trom the 

subterranean formation 1205 to form a new section 1280. 
30 AailtaatratedmFig.llb^ 

in a subterranean formation is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1300 preferably indodas an expandable mandrel or 
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prig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to contxollabry 
expand m a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

^mlvwKmgTi^ the mandrel 1 BQfi rampriKM a hydraulic ftgpftfiftim* tftrtl 

10 substantially as disclosed in UK Pat No. 5,348,095, the disclosure of which is 

inc or p orat ed herein hy reference, mool5edmacconiajKe withthe t^rhhigB ofthe 

present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
15 direct*™* and ft ff flf the gypf^dflhl* ™"^^! 1305. The tabular member 

131 0 may be fabricated from any number of materials such as, for example, Oilfield 

Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 

casing. In a preferred embodiment, the tubular member 1310 is fabricated from 

OCTG. TheinxLeraiidout»d^am 
20 example, from approximately 0.75 to 47 inches and 1.05 to 48 Inches, respectively. 

In a preferred embodimen t, the inner and outer diameters of the tubular member 

13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 

ttt ftpfrnnf^y e TriP*™* 1 tjJparnpmggffpH: in thi» moat COmmonly encountered 

wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 include s an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred mfrCKiirre^t, m ]\ th^Y™** aT1 d miter riiimipter nf thp upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0-625 to 0.75 inches and 3 to 19 inches, respectively. In a prefe rre d 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from aboat 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment the wall tfnrlrr%fMrc 0 f the 
intermediate section I860 of the tabular member 1310 is has than or equal to t h e 
5 wall t h i c kness, of the upper and lower sections, 1S55 and 1365, of the tubular 
member 1310 m order to optima^ 

and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearance*. 

The tubular member 1310 preferably comprises a solid member. In a 

10 preferred embodiment, the upper end portion 1865 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or alow down the mandrel 
1305 when it c om pl et es the extrusion of tubular 'member 1310. In a preferred 
embodiment, the length of the tabular member 1310 is limited to minimize the 
possibility of buckling. For t^ical tabular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to betwe 
in length. 

The shoe 1316 is coupled to the tabular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super Seal U Down^Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down jrfng m 4f|^ fri frrmrdance with the teaching!) of 
the present disclosure. In a p r eferr e d embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe witha sealingriaevB mralatrfwirwrn phi g «T »nlfth i» 
from Halliburton Energy Service* in Dallas, TX, modified in accordance with the 

25 teachings of thaptesent disclosure, in order tn optimally guide flMtfam ^mimiW 
1310 into the weUbore 1200. optimally fluidkhr isolate the interior of the tab ula r 
member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 tether maludesoneor more side 

30 outlet ports in fluidic com?mrmcation with the fluid passage 1330. In this manner, 
the shoe 1315 praferahly mfactm harfftimM* fln^ mitrr i n | farther rrgkm 

outside the shoe 131* and tabular number 1310. In a preferred cnibodiment, the 
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shoe 1315 i ncl u des the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the Quid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic material* to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305- The fluid passage 1320 is preferably positioned along 
a centexiine of the apparatus 1300. The fluid passage 1 320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallona/minnteand0to9 f 000psiinorder 
to optimally provide sufficient operating pressures to circulate fluids at 
15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a phig, or other «rmflwr device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In tins manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This permits the ulterior region 1370 of the tabular member 1310 
bekw^expand^tenmndrellSOStobepieasimzed. The fluid passage 1330 is 
preferably positioned substantially along the OTtertine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures raniging from about 0 
30 to 3,000 gallonaAnhmte and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 13 10 and the new section 1230 of the weflbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball *^*itng member. 
In this manner, the fluid passage 1330 can be scaled off lyintroduringaphag, dart 
and/or ball Beating elements into tie fluid passage 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
5 from the region exterior to tbe tabular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1316 in fluidic 
commun ication with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantial^ along the centerline of the apparatus 1300. The fluid 
passage 13S5 is preferably selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaBonateinute and 0 to 9,000 pri in order to optimally fill the annular region 
between the tubular member 1310 and the new eec&m 1230 oftheweUbore 1200 
with fluidic materials. 

The seals 1340 arecoupled to and supported by the upper end portion 1366 

16 of the tubular member 1310. The aeals 1340 are tother positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the cnrerlappingjoint between the lower end portion of the casing 12 16 and 
the upper portion 1355 of the tubular member 1310 to be fluidicry sealed. The 
seals 1340 may comprise any number of conventional ^mmgtrrn Ally available gf nl n 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified k 

with the teachings of tbe present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulk: seal in the 
annulusoftheo^erlappingjoxnt while also a«atingoptiznalloadbeaxingc^)abi^ 

26 to withstand typical tensile and compressive loads. 

In a preferred embodiment, tha aeals 1 3un selected ft? vptiimnQy provide 
a sufficifmt frictiona! fareg ta mppftrf *K» -wpf^H ftilmlm-Tn-Tnbfrr 13 10 from thtr 
existing casing 1215. In a preferred «^Wwtim»^ r thtr firHminl firm* pnrvHed by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ssf in order to optimally 

30 support the expan de d tubular member 1310. 

The support member 1346 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferahly comprises an annular member having sufficient strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1346 further includes one or more conventional 
centraltiera (not illustrated) to help stabilize the tubular member 1310, 
5 Inapreferredembwiiinent.th^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the intxoductM^ 

This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1300 and to ensure Umtm? foreign inaterial 

10 interim with the expe^ 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. "Hie wiper plug 1350 incbxdes a fluid 
passage 1375 that is coxmled to the fluid passagB 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper phigs such as, for 

15 CT qmp 1 *, Multiple Stage Cementer latch-down phigs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachin g s of the 
present disclosure. In a preferred embodiment, the wiper phig 136X) comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305, 
Inapreferredembodiimmt, before o 
within the new section 1230rf 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extension process. 

As illustrated in Fig, lie, ahardenabtefhudic BPtting material 1380 to then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes ton the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 bdow the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular number mO 

1200. Continued pumping of the material 1380 causes the inaterial 1380 to fin up 
at least a portion of the annular region 1890. 
5 Hie material 1380 may be pumped into the annular region 1390 at 
pressure* and flow rates ranging, for erampto, from about 0 to 5000 psi and 0 to 
1,500 gallona/min, respec tiv ely. In a preferred embodiment, the material 1380 is 
pumped into the tmnnlflr region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallanafain, respectively, in order to optimally 

10 SU the anzrulorregioii between 

of the weUbore 1200 with the harAmahla fmidlc sealing material 1380. 

The hardenable ffuidic sealing inaterial 1380 may comprise any number of 
conventional commercially available hardenabkfriidic sealing ma 
for example, slag mix, cement ox epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements 
specifically for the well section being drilled and avaflabte from HaD 
Services in order tx> optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the anmxlar region 1390. The optimum blend 
of the cement is p re f erably determined using conventional empirical methods. 

20 Hie annular region 1390 preferably is filled with the material 1380 in 

sufficient <|w^TiH^ag to mmmk thnt, npfrn radial fti pnT >i nflT | Hie tnhnbiy member 
1310, the annular region 1390 of the new section 1230 of the weH 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. Tie wiper dart 1395 is prefBrabbrpimapedthrai^the 
fluid passage 1320 by a non hardenable flnidk material 1381. The wiper dart 1395 
than preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wq>er dart 1395 with the wiper plug 1350 causes tto wiper phig 1350 to decouple 
from the mandrel 1805. The wiper dart 1395 and wiperphiglSSO then preferably 
will lodge in the fluid passage 1330, thereby Modring flutt ^ 



passage 1330, and ftuirfkfy isolating the interior region 1370 of the tabular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandabtemaiKJrell305. During the extrusion process 

1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional command^ 

for example, Multiple Stage Cementer latch-down plugs, Om e ga l at ch - down phifts 
or three wiper Latx4wiownphig/dart in accordance with the teachings of 

15 the present disdosure. Inapreferredembodm^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350* The three wiper latch-down plug is available 
from Halliburton Energy Services m Dallas, TX_ 

After b locking the fluid passage 1330 using the wiper plug 1330 and wfeer 

20 dart 1396, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 pal and 0 to 1,500 galtons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised 

In a preferred embodiment, alter Nocaing the fluid 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and ftow rates ran^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmrtion of the tubular member diameter, wall 
thicrnefts of the tubular member, geometry of the mandrel, the type of hibricant, 
the co mp o sitio n of the shoe and tubular member, and the yield strength of the 
tubular member . He optimum flow rate and operating pressures are preferably 
determined using conventional empiri cal method s, 
10 During the eortrusiom process, to 

out of the expanded portion of the tubular member 1310 at rates ranging, Jbr 
example, from about 0 to 6 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1356 of the tubular member 13 10 is extruded 
off of the expand a b le mandrel 1 805, the outer surface of the upper end portion 
20 1355 of the tubular mmnhgr 1310 wPJ r^rwMy r^ntert thft interior surface of the 
lower end portion oftbe casing 1215 to <bm an fhud tight orolapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
oftbe overlapping joint rangea from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particular^ preferred embodiment, the sealing members 1340 win ensure an 
adequate fluidk and gaseous aeal in the overlappin g Joint 

In a preferred embodiment, the operatingiKessure and flow rate of the non 
30 lmr riffl ft hlftfh ifri i r m a t 

mandrel 1305 reaches the upper en^ 

In this manner, the sudden release of pressumeauaedl^ the complete extruskm 
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of the tubular member 1310 ofFofthe expendable mandrel 1305 can be minimized. 
In a preferred »mhftHm»*it, the operating pleasure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all hut about 5 
5 feet of the extrusion process. 

Attflrnativefr, or fa w M ntaiim w " nhnrk abaarber m provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alter nativ ely, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1855 of the tubular member 13 10 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200. InaprefeiTedenibcdhnent, either before waiter 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 1355 of the tubnlar member 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 18 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed ina conventional manner. The materia 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubiuar member 1310 an^ 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingthe shoe 1315 may thCT shoe 1315 using 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation ban bum dmrrihed Ihtit inrhirtftfl jr»«»«n*"ff« tnhnbn- liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel. 



Hie injecting preferably includes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner; and a nan hardenahle fhn^ material into an interior region o 
tubular liner below the mandreL The method prefenbfr includes flnididy 
5 isolating the annular regkm from the interior region before injecting the 

second 

quantity of the nan hardm abl e sealing material into the interior region. The 
injecting the hardenahle fluid* aeaHng material ia preferably provided at 
operating pressures and flow rates ranging from about 0 to 6000 pd and 0 to 1^500 
gaSonaAnin, The injecting of the non hardenable fluidic material is preferably 
10 provided at operating pra 

and 40 to 3,000 ga Tk m Vmfn The h^jecting of die non hardenable fhrite material 
is preferably provided at reduced operating pregsora 

portion of the extruding. The non hardenahle fluidic material ia preferably 
injected below the mandrel The method preferably mcn^ 
16 of the tubular liner below the mandreL Theregionof the tubular liner below the 
mano^ia preferably pressuri^to 

The method preferably includes Guid^ isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method norther preferably 
includes curing the hardenable eeab^ material, 
20 of the cured se^liTigmff terial located within the tubular liner. The method farther 
preferably includes 

Toe method further preferabhr inchiQ^fleaiingthfl overiap between the tabular 
liner and the existing wellbore caaing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method further prefer^ 

the overlap between the tubular liner and the existing wellbore casing. The 
method Anther preferably indudee removing at lea^ 

fhudkseeJinginaterid The method further 

preferably includes lubricating the aurfrce of the mandreL The method further 
30 preferably includes absorbing shock. The method further preferably indudes 
catching the mandrel upon the ^pi-fryp rffKt extruding 



An apparatus for creating a casing in a boreh ol e located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and irehidesasecond fluid passage. 

5 The tabular member is cour^^ 

liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inrhidfts one or more sealing members 
adapted to prevent foreign material from entering an mteriorre^on of the tubuto 
member. The mandrel is preferably expandable. The tubular memb er is 
preferably fabricated from niaterials aelected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium Bteel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters r angin g from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular memb er preferably 
has a plastic yield point ranging from about 40,000 to 135,000 paL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portkm for stowing derm The shoe preferably includes an inlet port 

coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blo cking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes pog r ti nr ring a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping rela t i on ship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided afcopetatiiigpre8Boresfaii^&om«bo«it 
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600 to 9,000 psL The preasurixing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tbe method ftirther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 farther preferably induto 
the overlap with the second tubular member. The method further preferably 
inc lu de s lubricating the surface of the mandrel The method fhrther preferably 
includes absor bing shock 

AlinerfOTuaemcreatingaiiew 
10 formation adjacent to an already existing section of weObore casing has been 
described th at includes an annular member, The snrmlarmcrnber includes cmo or 
more SRaKn gmeinbers at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular bocry of a cured fluidic sauting material. The tubular liner is fanned by the 
process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of ejecting a body of hardenable fluidic sealing material into an nrrrmlsr 
region external of the tubular Hwr. During the preftmrixxng, the interior portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 
25 overlaps with an existing wellbore casing. The weHbore casing preferably fhrther 
includes a seal positioned in the overlap betwero the tubule 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a weHbore casing within a 
SO borehole has been described thut fadndsa ™«»»iK~ g - M^sr liner and a mandrd 
within the wellbore casing, igjectrnga hody of* flmrti* m^t^rial into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



-65- 



expanding the liner in the borehole by extruding the liner off of the mandreL In 
tt p w > f ef m j pmHyvlfmgnt fh» fin We material is selected farm the ftroup eongfitiiig 
of dag cement, drilling mud, and cpoxy . In a pre fe rred embodiment, the 
method further frirHidwn fhiidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tabular Hner. In a preferred embodiment, the 
injecting of the bodjofihiidk 

rates ranging tern about 500 to 9,000 psi and 40 to 3,000 gallonVmm. In a 
preferred embodiment, the injecting of the body of fhiidic material is provided at 
reduced operatmgpreasures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fhii^ In 
a p re fe rre d embodiment a regkm of the tabular liner below the mandrel is 
pressurised. In a preferred embodiment, the regkm fifths tabular liner to 
mandrel is preasorired to pressures ranging firom about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 withthecnatmgwellbarecasing. Inap 
indudea sealing the interlace between t^ 

casing. In a preferred embodiment, the method tether inctades support^ 
extruded tubular liner using the existing wellbore easing. In a preferred 
embodiment, the method farther mctades testing to 

20 interface between the tubular liner and the existing weUbore casing. In a 
preferred embodiment, method ftirther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
mandr el upon the completion of the extruding. In a preferred embodiment, the 

25 method farther includes expanding the mandrel in a radial direction. 

A tie-back Kner for lining an existing wellbore casing has been described 
thai includes a tubular Hner and an annular body of a cured Quidie sealing 
material The tubular h^ is formed b 

qffof amandrel The annular body of a an^fltuVJfc sealing inatoial is co^rf 
30 to the tubular lingr. In a preferred embodiment, the tabular Imer is fanned by the 
process of pladng the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tabular In a preferred embodiment, 



during the pressurizing, the interior portion of the tubularly 
from on exterior portion of the tubular liner. In a preferred embodiment, the 
interior portio n of the tabular liner ia pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the anmito 
5 sealing material ia formed by the process of heeding a body nfbiHmmKip fhridic 
sealing material into an annular region between the existing wellbore casing and 
the tubular Oner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
ftnrther includes a seal positioned in the overiep between the tubular Una* and the 
10 other existing wellbore casing. In a preferred «ml mrfi n»« n i y tubular liner is 
supported by the overlap with the other existing wellbar* casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operab ly coupled 
to the first fluid passage, an interior portkn^imd an exterior portion. The interior 
portion of the mandrel is drillable. Hie tubular member ia coupled to the mandr el 
The shoe is coupled to the tubular member. Th* shoe includes a third fluid 
passage operabjy coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member "™piffrp a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises * dr illab le body. 
Preferably, the exterior portion of the mandrel comprises an expansion co ne 
Preferabfrtheexpima^ 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone ha s 
a surfk»harimess ranging from about 58 to Preferably at least a 

portion of the apparatus ia drillable. 

Although illustrative embodiments of the invention have been s ho wn an d 
described, a wide range of modification changes and gnlMtftntimi u ^Tif^mpig^ 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 

Accordingly, it ia appropriate th^ tte 

in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 
2 formation, comprising: 



3 installing a tabular liner and a mandrel in the borehole; 

4 ii\)ectiog fhiidic material into 

5 pressuriring a portion of an interior region of the tutelar liner ; and 

6 radially spending at least a portion of the hner in the borehole by 

7 CTtmdin g at least a portion of the liner offof the mandrel. 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 

5 comprising? 

4 drilling out a new section of the borehole adjacent to the alrearry existing 

6 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkly isolating the aiunil» 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenahle Huidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner offof the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already easting 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenabte fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 
removiiuj at least a portion 

within the tabular liner. 

An apparatus for expanding a tabular member, comprising: 

a support member, the support in«iberindudilW*^'^P MM 8 B i 

a mandrel coupled to the support member, the mandrel including. 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a slwe coupled to the tubular liner r the 

wherein the first, second and third fluid passages arc operably coupled. 

An apparatus for expanding a tubular member, comprismg: 
a support member, the support member in clud i ng : 

a first fluid passage; 

a second fluid passage ; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel jy»t»iv»lfrig a third fluid passage coupled to the first fluid 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubular member, the shoe i n cluding 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member; and 
one or more exhaust passages cot^ to the fourth fluid passage to 
injecting fluidic material ouieide of the shoe ; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joiningaeecond tubular meml^ 

2 first tabular member having an inner diameter grea ter than an outer diame ter of 

3 the second tubular member, comprising! 

4 positioning a mandrel within an interior region of the second tubular 

5 ITlrtkiliru:, 

6 presmnizmgaportkmofthem 

7 and 

8 extruding the second tubular member off of the mandrel into engagranent 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one more pressure relM^ 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular lrrw formed by the process of; 

3 extruding the tubular Kner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-hack liner tar fining an "^ffotg weflbara ™*qfafc fn^ p ft^ng- 

2 a tubular liner, the tubular liner formed by the process o£ 

3 ertroxfag at leart a portion mandr el; and 

4 an annul fir body of a cured nuidk «mlin g malerial coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first Quid passage; 

3 ff mandrel coupled to the tupport member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular member coupled to the m and re l; and 

9 a shoe coupled to the fa^ 1 ^ member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wterem the interior portion of the ahoe is drillable. 
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